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SUMMARY 



Problems relatlxig to the stability arid control of 
tailless airplanes ^re discussed in consideration of 
contemporary experience and practice . In the present 
state of the design of tailless airplanes, it appears 
that; < > 

(1) Sweepback affords a method of -supplying tail 
length for dlrectlona'l and longitudinal stability and 
control and allows the utilization of a high-lift flap 
but introduces undesirable tip stalling tendencies that 
must be overcome before the advantages of sweepback can 
be realized 

(2) The damping In pitching appears to have little 
effect on the longitudinal behavior of the airplane 
provided the static margin is never permitted to became 
negative 

(5) The directional stability must' be as. great as 
for conventional airplanes if the same reqtiirements 
regarding satisfactory stabililiy and -control charac- 
teristics are to be adher'ed to 

ik.) The influence of the lateral resistance and' the 
damping in yawing on the flying qualities is somewhat 
obscure; however It is beUe-ved that these parameters 
will be of secondary Importance if adequate directional 
stability Is supplied 

(3) On account of the diff ictillfies encountered in 
obtaining- adequate stability and control with tailless 
airplanes, it &ppear& that >a thoroijghree valuation of 
the relative performance to be expected from tailless 
and conventional designs should be iaada before proceeding 
farther with stability and control studies 



NACA ACR No. li^H19 



.INTRODTJQTION 



Much Interest has been shc^wn In tailless airplanes 
during the past few years. A number of tailless-airplane 
designs ha've appeared and prototypes of several of theso 
designs have been flown extensively. It appears 
desirable at this time to amplify and expand an earlier 
work (reference 1) relating to the s'oablllty and control 
of tailless airplanes In the ligsht of the recent flight 
experience acquired and the related studies that have 
accompanied the development of new designs. 

It is the purpose of this paper to assemble and 
record some expressions of fact and opinion pertaining 
to numerous problems that have asstmed algnificance. In 
tailless -airplane design rather than to supply speclfld 
quantitative design data. Ttie problems specifically 
discussed in this paper pertain to the requirements and 
attainment of longitudinal and lateral stability and 
control and to spinning, tumbling ^ and steadiness in 
flight as regards gunnery and bombing platform. A 
discussion is also Included of some of the relative 
merits of tailless and conventional airplanes. 



SYMBOLS 



Cj, lift coefficient 

Cj) drag coefficient 

Cl rolling-moment coefficient 

Cjj ' yawing-moment coefficient 

Cm pitching-mcment coefficient 

V airspeed 

r yawing angular velocity 

p density of air 

m mass of airplane 

q dynamic presaiire ( — pV^ |; also^ pitching angtaar 
velocity \2 / ■' ■ ' 
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T„ thrust coefficient / ThrustX 

Wv^y 

hinge -moment coefficient 
a angle of attack 

p angle of side a lip 

A angle of sweep 

\ taper ratio; ratio of tip chord to root chord 

5 wing area, except as designated otherwise hy 

subscript 

c wing chord, except as designated otherwise hy 

subscript 

"C" mean aerodynamic chord 

A aspect ratio 

X distance of aerodynamic center fron canter of 

gravity 

z vortical displacement of thrust axis from center 

of gravity (positive when thrust axis is below 
center of fravlty) 

b winp span, except as designated otherwise by 

subscript 

D propeller diameter 

Pg stick force 

0 tralllng-edge angle (see fig. 11) 

6 landing-gear angle (see fig. 13) 

6 control-* surface deflection 

- _ ^Oh 

- 

O =^ 



I 
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2V 

Cm = — 

2V 



2V . 
jj, relative density f^^j 



C 



dp 



^P ' 6P 
Subscripts ; 

f flap; also, fllptjer 

a aileron 
e elevator 
t tab 
r rudder 

"c/li. about quarter point of mean aerodynamic chord 
L0NGITI3DPAL STABILITY AKD CONTROL 

It was noted in reference 1 that a straight wing with 
a slight reflex camber and dihedral has all the necessary 
aerodynamic characteristics for both longitudinal and 
lateral stability. A straight wing employing a trailing- 
edge flap as a trimming control, however, suffers an 
undesirable loss In maximum lift, particularly if the 
static margin is large. In order to Improve this con- 
dition, the installation of leading-edge slats has been 
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conalcLef>ed. This solution has fo^xa& little favor, 
however, hecause of the accampanylng Increase In profile 
drag and the xoiusually high attlttide required for 
landing with leading-edge slats* At the present time 
the most practlcahle method of overoomlng the deficiency 
In maximum lift appears to he to Incorporate sweepbaolc 
(or sometlmea sweepf orward ) Into the wing. The majority 
of the contemporary problems In longitudinal stability 
of tailless airplanes arise from the adoption of this 
solution. 



Effects of Sweep 

Advantages of sweep .- Sweepback gives the wing an 
effective "tall length" euid Is therefore especially ' 
adaptable for tailless airplanes. This tall length Is 
proportional to the product of one-half the span of the 
portion of the wing with sweep and the tangent of the 
sweep angle; consequently, (1) high-lift flaps can be 
located at the center of the wing where their lift 
Increments produce only minor changes In the pitching 
moment about the center of gravity of the airplane, 
(2) flaps for longitudinal control can be located neeir 
the wing tips where only minor changes In lift are 
needed to produce the requisite pitching -moments for 
trim, and (3) more leeway Is permitted In locating the 
center of gravity Inasmuch as the aerodynamic center of. 
the wing can be controlled by the angle of sweepback. 

If only high lift Is considered, the resiilts of an 
investigation relating to the use of various types of 
flap on swept-back wings have indicated that tral ling- 
edge split flaps are particularly suitable for swept- 
back wings because of the relatively small pitching- 
moment increment accompanying the production of a given. - 
lift Increment (reference 2), The ratio of the pitchlng- 
moment Increment to the . lift Increment produced by a 
flap depends, of course, on the position of the centroid 
of the flap load relative to the aerodynamic center of 
the "Wing. The centroid of the flap load has been 
observed to move forward along the wing chord as the 
hlnge-llne position of the flap Is shifted forward, with 
the consequence that the ratio of the flap -pltchlng- 
moment Increment to the flap lift incrisment Is reduced. 
The extent of - the forward movement of the centroid of 
the Inopremental flap load accampanylng a forward shift 
of the flap hinge line that may be expected' for ftill-span 
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tralllng-edge spilt flaps Is given In flgtire 1. It was 
noted In reference 3 that the ratio of the flap pitching* 
moment Increment to the flap lift Increment could he 
.conslderahly reduced hy moving the flap hinge line forward 
with only alight losses In the magnltvide of the flap lift 
associated with a given flap deflection. It appears, 
therefore, that shifting the hinge line of the flap affords 
a promising means of minimizing .the pitching moments 
caused hy hlgh-llft flaps hut more data on this effect 
are needed hefore specific recommendations can he made. 

It Is known that, for tralllng-edge flaps, an 
Increase In flap chord shifts the centrold of the Incre- 
mental flap load forward and thus causes a reduction In 
the ratio of the flap pltchlng-moment Increment to the 
flap lift Increment, This effect can he ohserved In 
figure 1 hy comparing the results for different flap 
' chorda. At the present time, the optimum comhlnatlon 
of. flap size and flap hlnge-llne position for specific 
designs must he determined hy experiment. 

TOie lift Increments produced hy flaps are governed 
also hy the plan form of the haslc wing design. The 
Important factors are (1) the aspect ratio, (2) the 
taper ratio, and (^) the angle of sweep. Of particular 
Interest for tailless airplanes Is the so-called self- 
trlramlng flap, which is a flap arranged to produce zero 
pltchlng-moment increment ahout the aerodynamic center 
of the wing. The effect of aspect ratio on the lift- 
coefflolent increinent produced by a self- trimming 
tralllng-edge split flap on a swept-haclc wing is shown 
In figure 2. The effect of taper ratio on the 11ft- 
coefflclent increment produced hy a flap is discussed 
in reference k. and an indication of the effect to he 
expected- can he obtained from figure 3* Ih general, 
a moderate taper ratio of the order of 2:1 is recommended. 
The effect of sweepback on the lift Increment produced 
by a self-trlmmlng tralllng-edge split flap on a swept- 
back wing is shown in figure I4.. The data in figures 2 . 
.. to 1|. were taken from an analytical investigation of 
self-trlmmlng tralllng-edge split flaps (reference 2). ■ 

Althou^ tralllng-edge split flaps have been found 
to be particularly beneficial on swept-back wings In 
producing hl^ lift, it is cautioned that there are 
considerations other than high lift Involved In the 
selection of a flap for a specific design. For example, 
consideration of the minimum drag of flaps for take-off. 
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ground clearance, and the operation of a pusher propeller 
In the flap wake raaj lead to the adoption of acme other 
jflap evQii at some sacrifice In lift.' ' 

Increases In mazlmum lift can be expected with 
swept- forward wings, provided the hlg^h-llft flaps are 
placed on the .outer portion of the wing span and th& 
flap for longitudinal control Is pla'oed at. the .center of 
the wing. ■ 

pi aad vantage of sweep .- A most disagreeable . charac- 
ter lsTI^"or~aTwep^^^Eacffwlng Is the Inherent tendency 
to stall prematurely at the tlps^ a phenomenon primarily 
associated with the lateral flow of the houndeo'y layer. 
This characteristic Is partldularly undesirable because 
It occurs first over the rear portion of the wing where 
the control surfaces are located. The tip stall Is 
manifested as a pronounced pitching and rolling Insta- 
bility accompanied by a tendency of the elevators or 
ailerons to float upward. An example of the effect 
produced by the tip stall on the pitching moment of a 
swept-back wing Is given In figure 3(a)* rapid 
Increase in positive pltchlng-moment coefficient accom- 
panying the tip stall Is characteristic. 

Swept-forward wings tend to stall first at the 
central part of the wing. Center-section stalling 
causes pitching Instability but the rolling Instability 
associated with the tip stall of swept-back wings does 
not occur. This advantage of sweepforward, however. 
Is partly offset by the difficulty created In obtaining 
adeq\iate static balance on account of the forward shift 
In the aerodTnamlo center of the. wing caused by sweep- 
forward. With swept-forward- wings, the fuselage or 
load-carrying element must be placed ahead ojC^ the wing 
In order- that the center of gravity may be ahead of- the 
aerodynamic center. 

Remedies for 'tip stalling . »■ Before satisfactory 
flight behavior can oe assured, provision must be made 
for delaying or eliminating the tip stall. Various 
schemes have been proposed for delaying or eliminating 
the tip stall .and a nimiber of such sjchemes are summarised 
as follows: 

(1) Wing twist - It has been proposed to wash out the 
wing tips, that Is, tQ lower the angle of attack of the 
section near thie tip. Reference 3 shows that the amount 
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of washout required to benefit the tip stalling charac- 
teristics Is s\ifflclent to Increase the drag of the wing 
seriously). at low. angles of attack. One method of . 
avoiding- the hlf^ drag Is to have a portion of the wing 

■tip rotatable In flight. The rota table wing tlpsdiould 
be so proportioned with respect to the elevator that tfye 
airplane cannot be stalled until the tip angle has been . 

-suffloletitly reduced to eliminate the tip stall. 

(2) Change In airfoil section - The Initial stalling 
of the wing sections on the outer span of the wing can be 
controlled somewhat by Increasing the thickness or 
changing the camber of the airfoil sections used.. The 
results of reference 3 Indicate that this method can 
app]?eolably Increase the angle of stall of a wing without 
flaps or sweepback, particularly If a change In calaber Is 
used In conjvinctlon with wing twist. Hhe analysis In 
reference 3 does not consider -Uie effects of sweep or 
flaps,- Changing the wing sections, however, generally 
has the .disadvantage of Increas.lng tp.e dr^g of the wing 
at low angles of attack. 

(3) Flat-plate separators It has .been suggested 
that the tip stall might be dela^yed by means of vertical 
flat plates or fins alined wltih ■■IJie wing chord at about 
one-half the distance to the. wing tip and extending 
around the trailing edge of the wing and forward almost 
to the leading edge. The function of the plate is to 
prevent cross flow of the boundary layer by "separating" 
tlie fields of flow along the wing span. Experiments on 
swept-baok wings with flat7plate separators installed 
have Indicated that some Increase In angle of stall 
can be ■ obtained- by this method alone but that generally 
a new stall Is Induced Just Inboard of .the plate Itself. 
Better results might be obtained If 'the flat-plate 
separators are used ln...conJunctlon wlth chaises In wing 
plan form,' particularly* in 'the vicinity of -the wing tip, 

- . (!{.}. Changes in plan form at tip - According to tests 
liiade in the Lang ley free -flight tunnel, a change In wing 
plan form at the tip alone has little effect on the tip 
stall (fig. 3}» as evidenced by the Instability manifested 
by the pltchlng-moment curves for all tip arrangements. 
It appears from associated- tuft studies that flow separa- 
' tlon always occurs at the Junction between the tip and 
the Inboard portion of the wing, ' In any event, the 
change In plan fom should extend Inboard of the original 
stalled regions. 
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(3.) Leading-edge slats - Hba use of tip. slats has 
l)een found to ..be the mp&ft efifectlve method of delaying 
the tip stall. Leadlng-ecfge ialats may increase the - - 
angle of stall as much as 10° If Judiciously located. 
Tests of models In the' Langley fi:*ee>fllght tunnel have 
Indicated the necessity of extendlxig the slat at least 
over the portion of the wing affected by the stall. It 
has been found that slat spans of the order of 30 to 
-30 percent of the wing span are' necessary to abolish 
completely the effects of the tip stall. Typical stalled 
areas behind a swept-back wing with various slat 
arrangements are shown In flgrare 6« 

If fljced slats are used, an undesirable Increase In 
drag may result at low angles of attack. It may be 
possible, however, to build retractable slats that have 
ohly minor effects on the over-all drag of the wing at 
low angles of attack after more research and work on 
the development of retractable slats have been' done. 

(6) Taper — Part of the stalling of swept-back 
wings can be attributed to high taper. The use of 
hlg^y tapered swept-back wings should be avoided, 
therefore; Inasmuch as data on tapered wings Indicate 
that the beneficial effects of aweepback can be obtained 
with moderate taper ratios of the order of 2:1 (refer- 
ence 3)« 



Longitudinal Stability- 

AS with -a conventional airplane, a tailless airplane 
is statipally stable if the center of gravity la ahead 
of the aerodynamic center. The position of the aero- 
dynamic center is appreciably affected by (1) the 
addition of a fuselage or a streamline nacelle, (.2) sweep- 
back, and (5). power. The extent of the forward shift of 
the aerodynamic center produced by a fuselage or hkcelle 
has been discussed in reference 1. The basic procedures 
for calculating the aerodynamic center of wings of 
various plan forms are given in reference Applications 
of lif ting-s\3rf ace theory to the determination of the 
span loading of swept-i-back wings can be found in refer- 
ences 6 '.and 7. . The effects of power on loiigitudinal 
stability. are 'discussed in the following pdragraphs. 

Effects of .power *- -The analysis of the effects of 
power ob the longitudinal stability is somewhat simpler 
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for tailless airplanes than for the conventional airplane 
on aocount of the absence of the horizontal tall. For 
convenlsnoe, the effects are' divided Into three parts: 

(1) Effects associated with normal force and direct 

thrust of propellers ■' ■■ 

(2) Effects associated with slipstream velocity and 

downwash behind propellers 

(3) Effects associated with dynamic action of Jets 

The effect of the propeller normal force Is small ' 
for the conventional arrangements of propellers and Is 
ustially a fixed factor for a given design. Methods of 
estimating the effect are available In reference 8. 

As with conventional airplanes, the effect of the 
thrust on stability Is directly proportional to the product 
of the thrust and the perpendlooalar distance from the 
center of gravity of the airplane to the thrust llnei." 
This effect Is controlled, of course, by the vertical 
location of the propeller and the Inclination of the 
thrust line. The farther above the center of gravity 
the thrust line passes, the greater Is the stabilizing 
effect. produced by a given thrust; and the farther below 
the center of gravity the thrust line passes, the greater 
Is the Instability produced by a given thrust. In any 
case, the farther from the center of gravity the thrust 
line passes, the greater are the changes In .trim due to 
the thrust that accompany changes In power. This effect 
is Illustrated in figure 7» The effects of power were 
small when the thrust-line axis passed close to the 
center of gravity of the airplane* When the thrust 
line was 0,0L|.8?f below the center of gravity, however, 
the stability decreased appreciably. At a lift cqef- 
flclent of 0.8, the static margin decreased from 
O.Olj. to 0,012 and the unbalanced pitching moment 
Introduced by the thrust required about 10^ of down 
elevator to trim the airplane. 

The propeller slipstream Is an Important cpntrlbutlng 
Item to the longitudinal stability .characteristics of the 
airplane - parti ciilarly for tractor arrangements. The 
controllliig factor Is the location of *the aerodynamic 
center of the- portion of the wing Immersed In the slip- 
stream. If the aerodynamic center' of this portion of 
the wing la behind the center of gravity of .tiis airplane. 
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the sllpstTOam produces a stabilizing effect; If the 
aerocLyaaml,c -Cjenter. of . this portion of the wing lis ahead 
of .the oehter of gravity of the airplane, ""the "slip stream 
produces a destabilizing effect. Design parameters 
affecting the contribution of the propeller slipstream 
are (1) the location of the section aerodynamic centers, 
(2) the spanwlse location of the propellefs, and (^) the 
Inclination of the propeller axis. . Olhe basic moment of 
the Immersed wing sections also has an effect. Figure 8 
Indicates the magnitude of some of the power .effects to 
be expected. 

For the tractor-type tallleds airplane shown In ' 
figure 8, .the thrust line passes near the center of 
gravity so that the effect of the thrust Is. negligible , 
The aerodynamic centers of the wing sections Immersed 
In the slipstream are ahead of the center of gravity, 
however, and the slipstream therefore produces a 
destabllzlng effect. 

From consideration of changes In static margin and 
trim. It appears desirable on tailless airplanes of the 
pusher type to locate the thnist line close to the center 



of gravity of the airplane ('='< 0.01 Is recommended 



and. If feasible, to locate the propeller so that the 
aerodynamic centers of the wing sections affected by 
the Inflow to the propeller are either on .or slightly 
behind the lateral axis through the center of gravity 
of the airplane. 

For Jet-propelled airplanes, the location and 
Inclination of the Jet axis exercises an effect on 
the stability characteristics of the airplane similar 
to the effect Taroduced by the thrust of a propeller. 
At the present time, it appears that the location of the 
Jet axis should be governed bv the same factors which 
were considered In the discussion concerning the loca- 
tion of the thrust line of conventionally powered 
airplanes. 

Damping in pitch. - As pointed out In reference 1, 
the low value of Cmq associated with tailless airplanes 

is no serious disadvantage so far as the damping of the 
oscillations are concerned if the airplane has a positive 
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statlo margin. It appears that damping Is Introduced 
by the partloTilar coupling of the modes of motion as 
affected by the low value of Cm^ and by the reduced 

radius of gyration In pitch as shown In reference 1 
and figure 9« The results of tests In the Iiangley free- 
flight timnel (reference 6) Indicated that changes In 
the rotational damping In pitch have little effect on 
the longitudinal steadiness for values of the static 
margin greater than 0.03. 

It was pointed out In reference 1 that the reduced 
damping In pitch of a tailless airplane might result In 
an uncontrollable motion of the airplane If the statlo 
margin Is allowed to become negative. This contention 
has been supported by subsequent tests In the Langley free- 
flight tunnel (reference 9) • 'She tests Indicated that a 
serious form of Instability may develop when the static 
margin of a tailless airplane becomes negative. As a 
result of this danger of uncontrollable motions with 
negative static margins. It is recommended that the 
center of gravity of a tailless airplane never be 
pexrmlt ted, under any conditions, to reach a position 
behind the aerodynamic center. 

Tumblin g.- A form of dynamic instability of tailless 
airplanes may be manifested as tumbling. Tumbling consists 
of a continuous pitching rotation about the lateral axis 
of the airplane. The maneuver is extremely violent and 
imposes severe accelerations on parts of the airplane. 
So far as is kno'vn, there are no authenticated instances 
of the occui-rencQ of tumbling in flight. Models of 
tallleas airplanes have been made to tumble in the Langley 
20-foot free-3iiin\ilng tunnel, however, by forcing the 
model to slmvilate a whip stall. At the present time, 
however, little la known about the mechanics of the 
timibllng motion. Testa conducted in the Langley 20-foot 
free-spinning tunnel have shown that the position of the 
center of gravity has a pronounced effect on the motion. 
It appears that orovlslon of a large .static margin 
prevents tumbling but that a stable tumbling condition 
may exist if the static margin is slight. Tests have 
shown also that once the tumbling motion has started 
the normal flying controls are relatively ineffective 
for recovery from this stable txambling condition. 

In view of the severity of the tumbling maneuvers, 
it is recommended that tumbling tests be required of 
models of all figjhter tailless airplanes. 
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- - -. — Longitudinal Control 

One of the dlffloult problems In the design of 
tailless airplanes Is the provision of adequate longl- 
tudlnal control. Hho type of longitudinal control 
usually employed consists of an elevator (or flap) 
placed at the trailing edge of the wing, Wltti this 
type of control, the loss In lift caused by the flap 
deflection required to trim the slrplane can be appreclaULs, 
particularly for a tailless airplane with a large static 
margin. The computed loss in lift that results from 
trimming the airplane at various values of static margin 
is shoim in figure 10. It is evident from figure 10 that 
the loss In lift caused by the longl ttidlnal control can 
be minimized by placing the control surfaces at the tips 
of highly svept-back wings of high aspect ratio. When 
the longitudinal control Is placed near the wing tips, 
the elevator can be combined with the aileron in an 
arrangement to be discussed later in the section entitled 
"Aileron Control." 

Design reqtiirsment It la to be expected that the 
elevator s tide- force requirements for tailless airplanes 
should be the same as for conventional airplanes of the 
same class. The balance requirements for tailless 
airplanes^ however, are mors severe than for conventional 
airplanes. For the same static margin, the elevator of 
a tailless airplane usually mtist be deflected considerably 
more than that of a conventional airplane in order to 
produce the some changes in trim lift coefficient in 
flight, The elevator on tailless airplanes, being on 
Integral part of the wing, must also operate at all 
angles of attack of the wing up to the stall. The 
elevator must therefore be balanced over a large range 
of angle of attack and deflection. 

In order that push forces may be required to 
increase the airplane speed (from trim speed) and that 
pull forces may be required to reduce the airplane speed, 
the iziherent upfloating tendencies of the elevator with 
inoreasing angle of attack must be reduced. The critical 
case for stick- force reversal (called elevator snatch) 
is that for neutral longitudinal stability (or zero 
static margin). If there is to be no stick- force 
reversal for this case, the variation of the elevator 
hinge moment with angle of attack must be zero or positive 
at all angles of attack throughout the flight range. 
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When this condition la fulfilled, the elevator either 
remains stationary or floats down as the angle of attack 
Is Increased. Further discussion of this point may be 
found In reference 10. 

Typas of oontrol .- A plain flap is unsuitable for 
use as an elevator on a tailless airplane mainly because 
It floats upward as the angle of attack of the wing Is 
Increased. In figure 11, the upfloatlng tendency of 
the flap Is manifested by the Increasingly negative 
flap hinge moments that are developed as the angle of 
attack if? Increased, Various balancing schemes have 
been proposed for reducing or eliminating the upfloatlng 
tendency of plain flaps but no aerodynamic balances are 
yet known that completely satisfy the design requirements. 
Several balance arrangement s, however, show promise of 
being satisfactory in two-di'nenslonal testa but have 
received no experinental verification in three-dimensional 
tests. A few of the proposals are discussed in the 
following paragraphs: 

(1) Eevels - Figure 11 presents the variation of 
elevator section hinge-moment coefficient with angle of 
attack at zero elevator deflection for straight-side and 
beveled elevators with and without internal balance vented 
at the hinge line. The curves Indicate that the desired 
hinge-moment variation with angle of attack cannot be 
obtained 7»ith these arrangements of bevel and Internal 
balance. Since the slopes for all elevators are nearly 
parallel at large angles of attack, it is not to be 
expected that favorable cvirvos can be obtained either 

by further Increasing the traillng-edge angle or by 
Increasing the length of the Internal balance vented at 
the hinge line. 

Beveled elevators also affect the location of the 
wing aerodynamic center. The magnitude of the effect 
depends on the chord and span of the elevator. In 
general, the stick-fixed aerodynamic center of the wing 
moves forward with an increase in traillng-edge angle, 
and the stlck-J'ree aerodynamic center of the wing moves 
backward with an Increase in traillng-edge angle . 

(2) Special venting - It has been suggested that an 
Internal balance be used which has a vent near the airfoil 
leading edge. Analysis of available data Indicates that, 
at large angles of attack, however, this arrangement 
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would have the sanie mf avorable- oharaot9Vl9ti..c8 .cks 
the Intemal-balanoo arrangements vented at the hlxige 
line. 

An analysis of pre a sure -distribution data Indicates 
than an Internal balance vented near the trailing edge 
of the airfoil would give the desired hinge-moment varia- 
tion with angle of attack, The fact that the pressure 
changes In this region of the airfoil are small, however, 
appears to demand an Internal balance of stich length as 
to be Impracticable. 

(3) Slots ahead of elevators - As the upfloatlng 

tendency Inhorent In all control siorfacas at large angles 
of attack Is '^.huaed by air-flow s^jinratlon over the 
control siirfac(4R, it has been proposed that slots be 
placed in fa-a wlni; ahead of the elevator as- one means of 
suppressln?; this effect. Very llcble research has been 
done on this particiilar scheme ho^vever and, at the 
present tlrco , all that can be said Is tliat It might be 
ad van t age c ua , 

Autar.atlcally controlled tabs - Several rather 
mechanically coinplex types of balimce have been proposed 
to prevent e?.e vai: or -force reversals. Because a tab Is 
normally a powerful means of changing elevator hinge 
mouents. It has been proposed to place a tab on the 
elevator and cause the tab to deflect upward In such a 
manner that the elevator floats down when the angle of 
attack Is Increased. The deflection of the' tab would be 
controlled either by linking It to an Internal balance, 
suitably vented, or" by linking It to a free-floating 
spanwlse portion of the elevator called a flipper. The 
flipper should be located along the span In a region 
where the stall is first manifested over the control 
surface. Two-dljtnenslonal characteristics orf several 
such fllppsr-tab arrangements have been computed from • 
section data, and the results are presented In figure 12. 
Some of the configurations result in hinge -moment slopes 
that are either zero or positive at all angles of attack. 
If similar chiVcracterlstlcs could be obtained In three- 
dimensional fjow, no stick-force reversal would occur 
for these caublnatS-ons. The stick forco could be 
controlled ')y adip^'-lng a spring either to the same tab 
or to an- aU.'clliary tab. 



(5) Spoilers - The possibility of using a spoiler 
as an elevator has been suggested as a means of avoiding 
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8 tl ok- force reversals. The loss In lift accQmpanying 
the production of a given pitching moment Is greater 
with the spoiler control, however, than with the elevator 
control. . Uhpuhllshed tests of rearWardly located spoilers 
on two different models confirm, the fact that spoiler 
projections of less tbah .0.01c produce negliglhld 
changes in lift. Such a spoiler is' undesirable for 
longitudinal control hecause a small stick movement 
produces no change in trim, whereas a larger movement of 
the stick may produce large changes in trim and normal 
acceleration. The characteristics, of spoilers can he 
controlled somewhat by adjusting the spoiler span and by 
incorporating special venting to the spoiler. 

Inasmuoh as the spoiler may be located ahead of an 
aileron, an upward deflection of the spoiler would 
cause the aileron to have an upfloating tendency and at 
the same time cause the ailerons to be less nearly 
balanced. 

Control for take-off .- Uhder take-off conditions, 
the longitudinal control, besides supplying a pitching 
moment large enough to trim the wing at the lift coef- 
ficient corresponding to the ground angle of the air- 
plane, may be required to supply the "additional" pitching 
moment necessary to counteract (1) the pitching moment 
of the weight of the airplane about the point of contact 
with the ground, (2) the pitching moment created by the 
friction force on the wheels, and (3) pitching moments 
arising from interference caused by the proximity of the 
airplane to the groiuid (references 11 and 12). in order 
to make certain that the airplane has adequate longitudinal 
control to compensate for these additional pitching 
moments arising during the take-off, the Army requirements 
for an airplane equipped with a tricycle landing gear 
state that the longitudinal control shall be powerful 
enough to pull the nose wheel off the groiind at 80 percent 
of the take-off speed during operation off terrain where 
• the coefficient of friction is l/lO (reference 13). ' An 
idea of the magnitiide of the "additional" pitching moment 
that the longitudinal control must supply to compensate 
for the extraneous effects associated with take-off may 
be obtained from figure 13. . 

Because of the short moment arm associated with 
the elevator of a tailless airplane, it is extremely 
'difficult to design an elevator that can alone supply 
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the pitching vDidmezit 8 necessary .to. irieet the Army take-off 
requirements; for example, point A spotted on flgiare. 13(c) 
was coinputed for' a typical tailless alrplania. For this 
case, a pltchlng-moment coefficient of -0.335 is needed 
to raise the nose wheel off the ground.: ■ .[i;he 'elevator 
effectiveness (L,_ for this airplane is only -O.OOJ per 

Oe 

degree, and thus the elevator cannot raise the nose wheel 
for take-off. In order to remedy this situation. It has 
been proposed to utilize the nose wheel as a Jack to 
adjust tlie ground angle during the take-off run. If some 
scheme of this type Is not provided. It appears likely 
that tailless airplanes may experience difficulty In . 
raising the nose wheel off the ground at take-off if the 
landing-geair angle e is large, particularly with large 
static margins. 

Center-of -gravity ran^e .- On the basis of the 
loncltudinal stability and control problems which have" 
been discussed. It appears that the permissible range 
of center-of-gravity position compatible with satisfactory 
flight behavior Is more critical for tailless airplanes 
than for conventional airplanes. If the static margin 
becomes negative, there is dan^rfer of encountering 
loncltudinal instability either as a divercence from 
straight flight or as tumbling. If the static margin ■ 
is too great, the elevator control may not be powerful 
enough to raise the nose wheel off the ground at take-off. 
Purtheriuore, if the static margin is large, the elevator 
deflection required to trim the" airplane in'level flight 
may seriously impair the efficiency of the wing with a 
consequent loss in performance of the airplane. At the 
pl*esent time, a range of ultimate static margin from 0.02 
to 0.08 appears to be reasonable for tailless airplanes. 



LATERAL STABILITY AND COKDROL • 
Directional Stability 



Since the publication of reference 1, several models 
of tailless airplanes have been tested in the Langley 
free-flight tunnel. It has been verified from these 
tests that the amount of directional stability possessed 
by tailless airplanes should be as gredt as required on 
conventional airplanes if the same requirements regarding 
satisfactory flying qualities are to be adhered to . The 
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value, of the dlrectlonal-atablllty parameter Cno* 
reoonmendecl for conventional airplanes. Is usually 
greater than 0.001 oer degree. As evidenced from 
figure lij., however, models have been flown In the 
Langley free -flight tunnel and with a value of 0^ of 

only one -third this amount although the best flying '. 
qualities of these models were obtained with values 
of Clip -In excess of 0.001.. 

The inherent aerodynamic characteristics of the 
wing alone have sometimes been tried as the source for 
directional stability. Hhe amount of stability contri- 
buted by the wing depends on the wing plan form and the 
lift coefficient. The effect of the wing plan form 
does not appear large but more data are needed on this 
subject. The directional stability of the wing alone 
increases somewhat with lift coefficient. The direc- 
.tional stability at low angles of attack for the wing 
alone has generally been found to be Inadequate althovigh 
adequate stability may sometimes exist at high angles of 
attack. 

A pusher propeller usually contributes a small 
degree of directional stability because of the sta- 
bilizing normal propeller force. If, in addition, the 
pusher propeller la mounted behind a vertical tail sur- 
face j an additional increment In directional stability 
is realized from the vertical tall surface because of 
the effects produced by the inflow of air into the 
ipropeller. 

The destabilizing effect of a fuselage or stream- 
line nacelle on the directional stability has been 
discussed in reference 1. The destabilizing effect of 
the fuselage and nacelle of tailless airplanes la 
usually at least as great as the stabilizing effects 
contributed by the wing alone. It is therefore necessary 
on tailless airplanes zo provide some method of supplying 
direqtional stability. 

The provision of .adequate directional stability for 
tailless airplanes Is more difficult than for conven- 
tional airplays s because of the short longitudinal moment 
arm. A variety o? fin arrange7iie.nts and end plates of 
the type discussed in reference 1 has been tested on 
models of tailless airplanes in the Langley free- 
flight tunnel in an effort to improve the directional 
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stability of specific models.. A...i;QS-iBQ^_-of some of the 
more pertinent considerations the^t teaTO.'evbivied frbm 
these tests Is given In the subseqitent discussions. 

(1) Fins - It has been found that, -for a tailless 
airplane having a straight wlng^ adequate directional 
a-tablllty can be provided by .vortical tall surfaces , 
located at the center section of the wing near the 
trailing edge (or on the fuselage If one Is available). 
The. size and number of vertical tails necessary for a; 
specific design of course depends primarily on the 
degree of directional stability required. When jnultlple 
tails are used. It appears to be preferable to tise as 
few tails of as high aspect ratio as possible because 
(a) fins of high aspect ratio are more effective than fins 
of low aspect ratio, (b ) the Interference effects between 
adjacent vertical fins are minimized, and. (c) much of 
the fin Is outside the relatively thick boundary layer 
on the upper rear surface of the wing. 

If the tailless airplane has a swept-baok wing, 
the usual practice Is to place the- verrtloal tall surfaces 
at the tips rather than at the center section In order 
to take advantage of the longer moment arm available . 
When vertical fins are placed at the wing tip extremities, 
however, the moment arm associated with the drag of the 
tip fin Is so large (one-half the span) that the drag 
characteristics as well as the lift characteristics of the 
tip fins exert an Influence on the directional stability. 
The relative contribution of the lift and drag of the 
tip fins to the directional stability of the airplane 
of course depends on their Inherent aerodynamic charac- 
teristics. Some attention must accordingly be devoted 
to setting the Initial angle of the tip fins. 

If directional stability Is to be obtained with 
tip fins of low aspect ratio (less than about 2), the 
tip fin must be set with some Initial toe-in because of 
the large Induced drag associated with lifting sxirfaces 
of low aspect ratio. When the airplane Is yawed, the 
stabilizing moments generated by tip fins are produced 
by the large Induced drag of the forward wing tip. If, 
on the other hand, directional stability Is to be 
obtained with tip fins of moderate or high aspect ratio, 
the tip -fins must be set with some Initial toe-out. 
With toed-out tip fins, the stabilizing moments are 
generated by the outwardly directed lift as explained 
in reference 1. The stalling characteristics of the 
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tip fins, moreiver, are an Important design consideration. 
When an airplane with toed-oiat tip fins Is yawed to an 
angle sufficient to stall the rear tip fin, a large 
destabilizing moment Is generated by the Increased drag 
of the rear tip fin. On the other hand, when an airplane 
with toed-ln tip fins Is yawed to an angle sufficient 
to stall the forward tip fin, a large stabilizing moment 
is produced. The manner In which the stalling of toed-ln 
and toed-out tip fins affects the directional stability 
of the airplane is Illustrated In figure I5. 

It has been suggested that the effectiveness of 
drag tip fins can be augmented by employing an airfoil 
section possessing aerodynamic characteristics similar 
to those shown in figure 16 for the NACA i|.306 airfoil. 
In practice, the tip fins are set at the correct angle 
of toe-in for zero lift in straight flight. When the 
airplane sideslips, the angle of attack of the leading 
tip fin is made more negative and thus causes a large 
increase in the profile -drag coefficient due to flow 
separation; whereas, at the same tiue, the angle of 
attack of the trailing tip fin is Increased positively 
and thus causes only a relatively small increase in its 
profile -draf coefficient. Drag fins of this type have 
not been tested in flight. A lateral oscillation may 
possibly develop as a result of drag hysteresis, although 
such an effect has not been observed in tests of small- 
scale models. 

The most effective tip fins tested In the Langley 
free-flight tunnel have been based on the profile-drag 
principle. Tip fins based on induced-drag principles 
have been somewhat less effective. The tip fins based 
on lift .principles have been the least effective tested 
because of the short moment arm associated with the 
lift tip fins. The moment arm, however, is controlled 
by the angle of sweep so that, for wings with a large 
amount of sweepback, it may be feasible to design an 
effective lift tip fin. Central fins have generally 
been satisfactory, particularly If mounted on the end 
of a fuselage. 

(2) Turned-down wing tips - The amount of Inherent 
directional stability possessed .by' a wing maybe 
Increased by turning down the wing tips; thus, in 
effect, the wing tips are made to function somenrtiat 
as'lbwer-surface tip fins and the lncrea.sed directional 
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stability Is manifested throu^ the outward lift 
developed on the wing tips. The Iriftbrporatlfin of ■ 
positive dihedral angle on the wing, however, results 
In a decrease. In directional stability because the lift 
of the wing Itself Is directed Inward rather than out- 
ward (flge 17). The destabilizing Ibflyence of a 
positive dihedral angle must be taken Into account In 
computing the directional stability reqtilred -of the -. 
wing tips. An examination of figure if Indicates that 
the effects of the dihedral ban practically nullify the 
effects of the tumed-down wing tips. Turned-down wing 
tips are believed to be less satisfactory for securing 
directional stability than fins of 1±ie types previously 
discussed. *' 

(3) Automatic control - It has been suggested that 
a tailless airplane of very low directional stability 
with fl:red controls could be flown satisfactorily if an 
automatic pilot were geared to the directional control in 
such a manner that when the airplane sideslipped the 
amount of directional control supplied wovild be sufficient 
to Increase the effective value of Cnp. Reference 1 

includes the suggastion that the directional control 
could be linked with the aileron control in order to 
minimize the effects of adverse aileron yaw. It is 
believed that satisfactory flight behavior could be 
obtalnnd with sucli automatic -stabilizing schemes although, 
at the present time, no flight investigations of such 
applications have been reported. 



Directional Control 

The requirements of rudder control for tailless 
airplanes are essentially the same as for conventional 
airplanes* Rudder' control is necessary to counteract 
the adverse yaw occurring during rolling maneuvers and 
to provide sufficient directional control to trim the 
airplane dlrectionally at operation under aSTmmstric 
power conditions. At the present time, the solution to 
the problem of creating adequate directional control 
rests primarily in reducing the yawing moment that such 
a control must overcame; thus, it is of particular 
advantage on tailless airplanes to locate the propellers 
as close as possible' to the center line and to provide* 
ailerons that create favorable ya'Wlng moments when 
deflected. 
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The provision of adequate directional control on 
a tailless airplane with rudders based on lift principles 
Is difficult "because of the small moment arm available 
for control. Oomputatlons have Indicated that rudders 
based on lift principles alone generally are not able to 
counteract the yawing moments generated by severe 
asymmetric thrust conditions ever, if mounted at the tip 
of a swept-back wing. Lift rudders must also develop an 
appreciable side force because of the short moment arm. 
In order to compensate for this aide force, the tailless 
airplane imist be sideslipped or banked an appreciable 
amount because of Its low lateral resistance. Some of 
the. flight .difficulties that may arise as a result of 
these circumstances are discussed in reference 1I4.. Some 
use has been made, therefore, of directional control 
that is dependent upon drag characteristics because of 
the large moment arm which can be obtained by locating 
the drag directional control at the wing tip. 

. It appears possible to design a rudder based on 
drag principles utilizing a double split flap (brake 
flap) that could trim the yawing raoiuents caused by 
asyranetrlc thrust conditions (flg» l£). It is cautioned, 
however, that 'split-flap rudders may generate undesirable 
rolling moments along with the yawing moments produced. 
This typo of rudder may also affect the performance of the 
airplane if the drag increments necessary for control are 
very largo. At the present time, specific designs of 
rudders of this type should be developed experimentally. 

The use of propellers mounted in the wing tips has 
been proposed as a method for supplying directional 
stability and control. Such a system could, of course, 
be used easily with an automatic pilot.' It is believed, 
however, that structural considerations may make such 
an arrangement impracticable at the present time. 

• 

Dihedral 

The i*equirements of dihedral for stability are 
(essentially the same for .a tailless airplane as for a 
"conventional airplane. Computations of the type presented 
in references I5 and 16 and investigations conducted in 
the Langley free-flight tunnel (fig. lU and reference 17) 
have indicated that, in the Interest of lateral control 
and steadiness in gusty air, it is desirable to keep the 
effective dihedral angle small. The results of these 
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inveatl'gatlons hava Indioated that, for satisfactory 
.lateral stability,, the effective dihedral axigle should 
not exceed a value' corresponding' to ' Ci^ = 0, 001 -per - - 

degree. ^iThls value of G^q corresponds to a geometric 
dihedral angle of about 5oPon a plain wing with no. 
swsepback. It is noted that for a wing with no sweep- 
back G7 Is practically Independent of lift coefficient. 
P 

Effect of sweepbaek .- Systematic Investljgatlons to 
detexmlhe toe effecc of sweepback and taper on Cip are 

being conducted. [Qie limited data available at the 
present time indicate that the effective dihedral 
of a awept-back wing increases with angle of attack; it 
is thus advisable to use a geometric dihedral azigle of 
about 0° in order that, at the higher lift coefficients, 
the effective dihedral does not e^xceed 3° or l\P, The 
Increase in C^^ with angle of attack for a awept-back 

wing is not so detrimental as mlg|ht first be supposed, 
however, because of the accompanying Increase in 
weathercock stability. An empirical formula for estimating 
the effect of sweep on C^^ is discussed in reference 18. 

Effect of swaepforward .- The effective dihedral of 
a swept-forward wing decreases as the angle of attack is 
increased. Some idea of the magnitude of the effect 
to be expected Is given in reference I8. There is an 
indication also that the weathercock stability of a 
swept-forward wing may decrease with increase in angle 
of attack. This effect would make the attainment of 
lateral stability over a large range of angle of attack 
difficult. More information on swept-forward wings is 
needed, however, in order to eval\iate these effects. 



Aileron Control 

The aileron control of a tailless airplane presents 
no problems greatly different from those for Conventional 
airplanes. .An effort should be made, however, to avoid 
adverse aileron yawing moments, particularly if the 
directional sbability is low, in order to minimize the 
sideslip developed during rolling maneuvers. Adverse 
aileron yawing moments can be minlxalzed by uprlgglng ■- 
both ailerons- or by utilizing rotatable wing tips of 
the type previously described. In order to overcome " 
the effects of adverse aileron, yaw, it may be of 
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advantage to employ a spring conneotlon between the 
aileron and rudder control In a manne.r described In the 
section entitled "Tactical maneuvers." It Is desirable 
also' that no pitching moments be produced by. the deflec- 
tion of the allisrons because the ailerons have nearly 
the same moment arm as the elevators. It Is necessary 
therefore to use ailerons with an equal up and down 
defleotlpn. 

S poiler control ." The tise of spoilers for ailerons 
on tailless airplanes has been advocated from time to 
time. If only upgolng spoiler projections are used, 
the pitching moments developed are prohibitive. A 
. spoiler an>angement employing equal up and down pro- 
jections would Improve this condition but the data . 
available are Insufficient for evaluating conclusively 
the merits of such a system. 

Blevon control .- For some tailless airplanes 
utilizing a swept-back wing, ailerons placed near the 
wing tips have been made to act also as elevators 
because the most effective position for. both controls 
is near the wing tips and because larger- span lift 
flaps can be employed If the two controls are combined. 
Such an arrangement, called elevens, combines the design 
requirements of both aileron and elevator In one control 
and Introduces additional problems. 

The total effective deflection' razige for an eleven 
must be- the sum of the ranges required for the aileron 
and elevator, .The fact that the neutral position of 
the eleven may be at some upward deflection when It is 
functioning as an aileron can be utilized to a certain 
extent in reducing the- aileron stick forces. With a 
large static margin, however, the full aileron deflection 
used with the large upward- elevator deflection required 
at low 9peed may produce large: pitching moments and 
small rolling moments because the upgolng ele-von may 
stall. In order. to Improve this condition In some ■ designs, 
the use of an auxiliary longitudinal trimming device 
called a pitch flap has been proposed. The pitch flap 
is located-. -outboard, of the aileron. With such a device, 
the lateral oontrol could be obtained at low speeds by 
supplying most of the trim with the pitch flaps and 
thereby oilnlmlzlng the upward deflection of the elevens. 
The elexrona then would be deflected as ailerons ever a 
greater linear range of the cur-ve of rolling moment 
against deflection. 
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The conditions regulating the balance of an elevon 
for a typical 'large tailless airplane .jSire Indicated In 
figure 19, The ranges of values of Ohg eoid "that 

satisfy the stipulated elevator and aileron requirements 
Indeper^ntly vere evaluated by the methods given In 
references 10 and 19> The crosshatclisd region Inclixdes 
all values of and C^^ that isatl'sfy simultaneously 

the stipulated elevator and aileron requirements. The 
elevon must be balanced over a much larger, deflection 
range than either the elevator or aileron alone and> ■ 
because of the Increased deflection range required, 
greater physical limitations are Imposed concerning the 
length of the Internal balance that can be used. The 
considerations that have already been discussed In regard 
to controlling the upfloatlng tendency of the elevator 
with angle of ' attack also apply to the elevons. 

Trimming- tab operation of elevons differs from that 
for ailerons alone In that the tab must trim the hinge 
moment of each elevon to zsro when It is desired to trim 
the airplane In roll In order to prevent the development 
of elevator stick forces. For ailerons alone. It Is 
essential only that the tab cause one aileron hinge 
moment to balance that of the other aileron. 

Section data from unpublished tests of an Internally 
balanced, beveled, O.lSc elevon with 0,2^Cq tab Indicate 
that for angles of attack up to the stall a full-elevon- 
span tab deflected *2Q° could trim to zero the hinge 
moment of an elevon deflected ^23°. The same data, . 
however. Indicate that little If any additional rolling 
moment can be produced by deflecting the elevon upward 
beyond 25° at large angles of attack. ■ 



Dynamic Stability 

Damping In yawing .- For tailless airplanes, the 
rotational aamplng la Invariably low on account of the 
reduction of the tall length. A comparison of the 
measured damplng-mqment coefficient due to yawing at a 
lift coefficient of 0..60 for various tailless airplanes 
and a oonventiojial airplane is given in figure 20. The 
values were obtained by 'the free-oaclllatlon method 
described in reference 20. The portion of Cq^ con- 
tributed by Che wings can be estimated from the data 
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In reference 21.., .it wafl ipolnted out In reference 1, 
.however « that within the usual limits of dihedral and 
directional stability the damping of the lateral oscil- 
lations Is generally greater than would be Indicated from 
only the damping due to yawing velocity. Subsequent 
experience In flying tailless models In the Langley free- 
flight tunnel has substantiated this statement, and It 
■appears that the small values of the damping parameter C^^ 

associated with tailless ' airplanes will not be excessively 
detrimental to. the flying qualities provided the direc- 
tional stability. of the airplane is adequate. The damping 
of thq lateral oscillations is likely to be critical In 
the bl^-speed ciondltlons because both Cp^ and the 

coupling, between the yawing and rolling motion tend to 
diminish at -the 'low angles of attack. 

On ace-ount of the low values of Cn associated 

"r 

with talUe«.a. fiiriplarie-s, saine apprehension has existed 
c oncer nlnjg ithe- large; angles of sideslip that may be 
developed when the a-ir plane is subjected to a disturbance 
of the type produded by asymmetric loss of thrust. There 
appear to be iio "data pertaining to the direct effect of 
OiXp on a sideslipping motion of this type. The expe- 
rience acquired In flying tailless-airplane models in 
the Langley free-flight tunnel has. indicated that the 
effect of. is probably secondary to other parameters. 

The results presented in reference 15 Indicate that the 
maximum, amplitude of the sideslip oscillation is ■ 
influenced markedly by the rolling moment due to the 
sideslip ' .and' particularly by the "yawing moment due 

to the sideslip Cn . Increasing either the directional 

stability or the dihedral reduces the magnitude of the 
sideslip generated by a yawing moment but the greatest 
reduction in sideslip appears to result from increasing 
the directional stability. 

Spinning .- Tests conducted in the Langley 20-.foot 
free-spinning tunnel have indicated that the steady- 
spin characteristics of tailless airplanes are essentially 
the sauie as for conventional airplanes. . The control 
manipulations required- for .recovery from a steady spin, 
however, have been found to depe'rid on the type and 
location of the control surface : employed. 
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For tailless airplanes tiiat have a vertical tall 
mounted at the rear of a fuselage « the application of 
rudder control woiild probably affect the spin In a meumer 
slmlla?? to that for a conventional airplane because the 
vertical tall Is not blanketed hj the-wlng. If "the 
vertical tall Is located on the rear upper surface of 
the wing, however, the rudder control Is likely to be 
Ineffective because of the blanketing effect of the wing. 

For-, tailless airplanes that have vertical tails at 
the wing tips, the application of rudder control would 
prohabl^y he effective for spin recovery, particularly If 
the rudder extends below the wing.. For tailless- 
airplane designs without a fiuaelage, spin recovery has 
been found to .he expedited by application of rolling 
moments against the spin. 1!tie ailerons therefore shotxld 
be moved against the spin for best recovery. The moments 
produced by tralllnR-edKe drag rudders In the stalled range 
of angle of attack may be considerably different from those 
In the unstalled rajige. Some types of drag rudder have 
been foiand to produce appreciable pro-spin rolling- 
moments when applied. against the spin and therefore are 
not effective for recovery. It is recommended, therefore, 
that the aerodynamic characteristics in yaw for different 
rudder deflections of tailless-airplane designs that have 
drag rudders be obtained at angles* of attack beyond the 
stall if the possibility of a spin appears likely. The 
results of these tests would facilitate the evaluation 
of the relative merits of alternative rudder designs. 
For a complete investigation of the recovery character- 
istics, spin tests of the model are usually required. 

llactloal maneuvers .- The aultablllty of tailless " 
airplanes for perfonrilng tactical maneuvers of the nature 
required for formation flying, bombing, and aerial combat 
has been the subject of frequent discussion. From con- 
siderations previously discussed, it appears that adequate 
directional stability is a necessary requirement for 
steadiness and ease of control. The fact that. .the' lateral 
resistance associated with tailless airplanes is low may 
preclude the possibility of making flat turns with the 
rudder alone. At the present time, however, little 
information is available concerning the influence of 
side area on the lateral flying qualities of tailless - 
airplanes. More research is needed on this subject, 
particularly in regard to the effects produced by the 
different directional-control devices mentioned in this 
paper. 
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The argument has been advanced that a pilot flying 
a fighter tailless airplane will experience difficulty 
In keeping' his gunslght alined with the target. It Is 
helleved however that. If the tailless airplane possesses 
the same' .directional stability and dihedral characteristics 
as are demanded for conventional airplanes, the controlled 
motions dui?lng the normal accelerated maneuvers should 
not differ appreciably from those of the conventional 
airplane. 

Bi view of the likelihood that the siaocessful 
tailless-airplane design may yet have lower directional 
stability than conventional airplanes^ the effect of 
adverse aileron yaw pn the pilot is aim may be more ■ 
pronounced and in. such cases a spring' connection between 
..the aileron and' a. trimming tab on the rudder may be' 
: necessary in* order .t.o satisfy the following criterion; 

Such an arrangement shoiHd improve the steadiness of 
flights 



GENERAL CONSIDERATIONS OP TAILLESS 
AND CONVENTIONAL AIEiPLANES 



In recent years opinion has been divided as regards 
the relative adaptability of tailless and conventional 
airplanes, for both fighter and bomber airplanes as 
evidenced" by the variety of designs that have appeared. 
Some observations concerning the relative merits of 
tailless and conventional designs are offered here 
from consideration of the stability and control problems 
that have been discussed. 

Snail airplanes .- On account of the thin wing 
sections required for hlg^ speed, the volume enclosed 
by the wings of a small airplane is not large enough to 
carry all the load; consequently, it is necessary on 
small airplanes of either the tailless or conventional 
type to incorporate a fuselage or some other load- 
carrying element. It appears also that a vertical tail 
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la necessary for directional stability. The difference 
"between a small; tailless airplane and a small conven- . 
tional airplane, therefore, is essentllilly due to the 
suppression of a horizontal tall as a means of obtaining 
longitudinal stability and control. If thia conventional 
airplane were permitted a reduction in maximum lift 
comparable with that tolerated on. tailless airplanes, 
the tail size could be reduced considerably. With the 
small horizontal tall then allowable, the conventional 
airplane might have a performance comparable with that 
usually claimed for tailless airplanes without the 
restrictions attached to the longitudinal control. 

Large airplanes .- For large airplanes, having 
spans~or 150 to 5 00 feet, the volume of the wing alone 
may be sufficient to enclose bulk or weight of an - 
appreciable magnitude even with the thin wing sections 
required for high speed. There is little reason to 
suspect that conventional airplanes of equal span will 
have any leas wing apace available for cargo p\arposea 
than tailless airplanes. It appears, therefore, that 
the suppression of the fuselage as a load-carrying 
element is primarily a matter of airplane size rather 
than of type. 

In spite of the suppression of the fuselage, 
however, a vortical tall may be necessary on any large 
airplano, particularly on bomberSp if optimum directional 
stability and control are to be obtained. Some method 
must alno be provided for obtaining longitudinal control. 
Whether the longitudinal control is obtained by elevens 
or by a horizontal tail located on a tail boom would 
seem to have a secondary Influence on the ultimate 
performance to be expected. On the basis of the present 
knowledge of the stability and control characteristics 
of tailless airplanes, it appears desirable to make a 
comprehonsive study of the ccMiparative performance to 
be expected from tailless and conventional airplanes 
before proceeding farther with stability and control 
.studies. 

Langley Memorial Aeronautical Laboratory 

National Advisory Committee for Aeronautics 
Langley Field, Va. 
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Figure Z.-Effec-f- of aspect raho on i-hs /ncrsmcM 
m hff coeff/c/onf produced by -^ra/Z/ng-ed^a 
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Fig. 3 
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Figure 4-. -Effect of ^tk^eepbock on -hhe mcremen-f- 
in /iff coeffic/enf produced by frai/tng - edge 
sphf f/ap hoi^ing zero pifch/ng - moment 
/ncra/rfenf- abouf fhe aerodynarnfc cenfer of 
i-he mng. //A= 4'-/ } /\= 7.3; Cf: ^0.30c ; G^ = tfO" 
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Figure. 7.-£ffi2cf of power on ihe. /ongifudincjJ 
•sfobihfy of a. pusher- type feu J /ess ojrp/ane. 



NACA ACR No. L4H19 



Fig. 8 




V 3J O 
-./ 





































27 

-J 


00 
H 








0° 

V- 


□ 
















=C 






0° 































O .4. S 



NATIONAL ADVISORY 
COMMIHEE FOR AERONAUTICS 



Figure 6. - EFfecf of poi//er on fhe. Jongifudinoi 
Siobilii-y of CL fracior - type. ^QiJiess cur/D/Qne 
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Fiqare lO.-Rsrcenf /oss in lift caused by long/iudt- 
nal con/ro/. = 0.30c-^ cT^^Z/y/A- 4--/ . Con fro/ 
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Figure 19. ' i/a/u&s of ^hoc ^^ef '^''^^^'^^ 
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Figure 20.- Values of damping- in -yatv den^afi/e C^^ Yor 
a conventional airplane and i/anous failless airp/ones. 
Cl = 0.60. 



